
Bonding Device and Bonding Tool 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a bonding device 
and a bonding tool for electronic parts for bonding an 
object to be bonded such as the electronic parts to a 
surface to be bonded such as an electrode of a board. 

2. Description of the related art 

As a method for bonding an object to be bonded such 
as electronic parts to a surface to be bonded such as 
an electrode of a board, a method using an ultrasonic 
pressure welding is known. According to this method, 
while the electronic parts are pressed to the surface 
to be bonded, an ultrasonic vibration is applied to the 
electronic parts to fractionally vibrate the surface to 
be bonded and to allow the surface to be bonded to come 
into close contact with the electronic parts. The bonding 
tool used in this method has an elongated horn for 
transmitting the vibration of a vibration generation 
source to the electronic parts. While a load and a 
vibration are allowed to act on the electronic parts by 
a bonding operation part provided in this horn, the 
electronic parts are allowed to come into contact under 
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pressure with the surface to be bonded. Thus, the 
electronic parts are bonded to the surface to be bonded. 

As such a bonding tool, a bonding tool having a heater 
incorporated in a horn has been known. Thus, electronic 
parts can be advantageously heated through a bonding 
operation part upon boding so that a bonding efficiency 
can be improved. As a method for mounting such a heater 
on the horn, a method has been hitherto employed ..that 
a rod shaped heater is inserted and fixed to a mounting 
hole provided in the direction perpendicular to the 
longitudinal direction of the horn (for instance, see 
JP-A-2000-200961 (Fig. 3)). 

In bonding the electronic parts, to assure a stable 
bonding quality, the propagation characteristics of the 
ultrasonic vibration transmitted to the horn from the 
vibration generation source need to be stabilized to 
constantly apply a stable vibration to the electronic 
parts. However, when the above-described usual method 
for mounting the heater is directly applied to the bonding 
tool for which the stable vibration characteristics are 
re q Ues ted, such problems as described below arise. 

Firstly, in the usual structure, since the rod shaped 
heater is inserted traverse a vibration propagating 
direction, the propagation of vibration is apt to be 
interrupted by the heater. Especially, when a large 
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heater is combined with a horn of a small size employed 
for compact electronic parts, the above-described 
influence obviously occurs, Accordingly, in the usual 
bonding tool, a heating operation with high efficiency 
has been hardly compatible with the realization of stable 
vibration characteristics. 

Further, in the usual structure, while the rod shaped 
heater, is inserted into the mounting hole, the -heater 
is fixed to the horn. Thus, the heater is always pressed 
to the inner surface of the mounting hole. However, 
contact pressure under which the heater is pressed to 
the inner surface of the mounting hole is not always 
constant and frequently changes due to a temperature 
change or the unfastened state of fastening means. 
Accordingly, the rigidity distribution of the whole of 
the horn is sometimes varied so that stable vibration 
characteristics may not be undesirably held. 

SUMMARY OF THE INVENTION 
Thus, it is an object of the present invention to 
provide a bonding device andabondingtool that canrealize 
stable vibration characteristics. 

A bonding device defined in claim 1 is a device for 
bonding an object to be bonded under pressure to a surface 
to be bonded by allowing a load and vibration to act on 
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the object to be bonded. The bonding device comprises: 
a bonding tool abutting on the object to be bonded and 
a pressing unit for pressing the bonding tool to the object 
to be bonded. The bonding tool includes a traverse 
elongated horn, a vibrator for applying a longitudinal 
vibration to the horn in a first direction along the 
longitudinal direction of the horn, a protruding part 
protruding .from • the horn in a second direction 
substantially perpendicular to the first direction, a 
bonding operation part provided in the end part of the 
protruding part to abut on the object to be bonded and 
a heating unit inserted into a mounting hole provided 
in the horn. The heating unit is mounted into the mounting 
hole with a space maintained between the inner surface 
of the mounting hole and the heating unit. 

A bonding device defined in claim 2 is characterized 
in that a vent part is provided for preventing the transfer 
of heat to the vibrator in the horn between the vibrator 
and the bonding operation part. 

A bonding device defined in claim 3 is characterized 
in that the vent part is a traverse elongated slit in 
the first direction. 

A bonding device defined in claim 4 is characterized 
in that theheatingunit isprovidedinapartcorresponding 
to an antinode of the vibration of the horn. 



4 



A bonding tool defined in claim 5 is a tool forbonding 
an object to be bonded under pressure to a surface to 
be bonded by allowing a load and vibration to act on the 
object to be bonded. The bonding tool comprises: a 
traverse elongated horn; a vibrator for applying a 
longitudinal vibration to the horn in a first direction 
along the longitudinal direction of the horn; a protruding 
part, protruding from, the horn in a .second direction 
substantially perpendicular to the first direction; a 
bonding operation part provided in the end part of the 
protruding part to abut on the object to be bonded; and 
a heating unit inserted into a mounting hole provided 
in the horn. Theheatingunit is mo untedintothe mounting 
hole with a space maintained between the inner surface 
of the mounting hole and the heating unit. 

A bonding tool defined in claim 6 is characterized 
in that a vent part is provided for preventing the transfer 
of heat to the vibrator in the horn between the vibrator 
and the bonding operation part. 

A bonding tool defined in claim 7 is characterized 
in that the vent part is a traverse elongated slit in 
the first direction. 

A bonding tool defined in claim 8 is characterized 
in that the heating unit is provided in a part corresponding 
to an antinode of the vibration of the horn. 
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A bonding tool defined in claim 9 is a tool for bonding 
an object to be bonded under pressure to a surface to 
be bonded by allowing a load and vibration to act on the 
object to be bonded, the bonding tool. The bonding tool 
comprises: a traverse elongated horn , a vibrator applying 
a longitudinal vibration to the horn in a first direction 
along the longitudinal direction of the horn, a protruding 
part protruding from . the horn in. a. second direction 
substantially perpendicular to the first direction, a 
bonding operation part, provided in the end part of the 
protruding part to abut on the object to be bonded and, 
a rod shaped heating unit, inserted into the first 
direction of the horn. 

A bonding tool defined in claim 10 is characterized 
in that a vent part is provided for preventing the transfer 
of heat to the vibrator in the horn between the vibrator 
and the bonding operation part. 

A bonding tool defined in claim 11 is characterized 
in that the vent part is a traverse elongated slit in 
the first direction. 

A bonding tool defined in claim 12 is characterized 
inthat theheatingunit isprovidedinapartcorresponding 
to an antinode of the vibration of the horn. 

According to the present invention, the heating unit 
is inserted into the first direction of the horn, or the 
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heating unit is mounted in the mounting hole with a space 
maintained between the inner surface of the mounting hole 
and the heating unit. Accordingly, stable vibration 
characteristics can be realized. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a front view of a bonding device for 

electronic parts according to a first embodiment, of the 

present invention. 

Fig. 2(a) is a perspective view of a bonding tool 

for the electronic parts according to the first embodiment 

of the present invention. 

Fig. 2(b) is a partly upper and lower inverted 

perspective view of the bonding tool for the electronic 

parts according to the first embodiment of the present 

invention . 

Fig. 3 is a front view of the bonding tool for the 
electronic parts according to the first embodiment of 
the present invention. 

Fig. 4 is a front sectional view of a bonding tool 
for electronic parts according to a second embodiment 
of the present invention. 

Fig. 5 is a front sectional view of a bonding tool 
for electronic parts according to a third embodiment of 
the present invention. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Now, embodiments of the present invention will be 
describedby referring to the drawings. Fig. 1 is a front 
view of a bonding device according to a first embodiment 
of the present invention . Fig. 2 (a) is aperspective view 
of a bonding tool according to the first embodiment of 
the present invention. Fig. 2(b) is a pertly upper and 
lower inverted perspective view of the bonding tool, 
according to the first embodiment of the present invention. 
Fig. 3 is a front view of the bonding tool of electronic 
parts according to the first embodiment of the present 
invention. 

Initially, referring to Fig . 1, the entire structure 
of the bonding device for the electronic parts is described 
below. A first lifting and lowering plate 2 and a second 
lifting and lowering plate 3 are provided in front of 
a support frame 1 so as to be freely lifted and lowered 
in the front surface thereof. A cylinder 4 is mounted 
on the first lifting and lowering plate 2. A rod 5 of 
the cylinder 4 is connected to the second lifting and 
lowering plate 3. A bonding head 1.0 is mounted on the 
second lifting and lowering plate 3 . On the upper surface 
of the support frame 1, a z-axis motor 6 is provided. 
The Z-axis motor 6 rotates a vertical feed screw 7. The 
feed screw 7 is screwed to a nut 8 provided in a back 
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surface of the first lifting and lowering plate 2. 
Accordingly, when the Z-axis motor 6 drives to rotate 
the feed screw 7, the nut 8 moves vertically along the 
feed screw 7 and the first lifting and lowering plate 
2 and the second lifting and lowering plate 3 also move 
upward and downward . 

In Fig. 1, a board 46 whose upper surface serves as 
a surface to be bonded for the electronic parts is mounted 
on a board holder 47. The board holder 47 is mounted on 
a table 48 . The table 4 8 is a movable table tohorizontally 
move the board 46 in a direction of X or a direction of 
Y and position the board 46 at a prescribed position. 
The table 48 serves as positioning means for moving the 
board 46 relative to the electronic parts 40. 

A camera 42 that is mounted on a single axis table 
43. A tube 44 is extending forward from the camera 42. 
The camera 42 is moved forward along the single-axis table 
43 to allow the end part of the tube 44 to be located 
between the electronic parts 40 having bumps sucked and 
held by the lower surface of a bonding tool 14 and the 
board 46 as shown by a chain line. Under this state, the 
positions of the electronic parts 40 and the board 46 
are observed by the camera 42. 

A recognizing part 53 that recognizes the image of 
the electronic parts 40 or the board 46 picked up by the 
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camera 42 to detect the positions of them. Amain control 
part 50 controls the lifting and lowering operation of 
the Z-axis motor 6, that is, the bonding head 10 through 
a motor driving part 51 and positions the table 48, that 
is, the elevation of the board 46 through a table control 
part 52. Further, the main control part 50 calculates 
a deviation between the electronic parts 40 and the board 
46 in a horizontal, plane from the positions of the 
electronic parts 40 and the board 46 detected by the 
recognizing part 53. Then, the main control part 50 
drives the table 48 so as to correct the deviation. 
Further, a load control part 54 and a suction device 56 
are connected to the main control part 50. 

The cylinder 4 as a pressing means is connected to 
the main control part 50 through the load control part 
5 4 . Thus , the protruding force of the rod 5 of the cylinder 
4, that is, a pressing load for pressing the bumps of 
the electronic parts 40 to the board 46 by the bonding 
tool 14 is controlled. The suction device 56 sucks and 
/or separates the electronic parts 40 by the bonding tool 
14 in accordance with a command from the main control 
part 50. A vibrator 17 is connected to the main control 
part 50 through an ultrasonic vibrator driving part 55. 
The vibrator 17 is driven by the ultrasonic vibrator 
driving part 55 in accordance with a command from the 
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main control part 50 to apply an ultrasonic vibration 
to the bonding tool 14. At this time, the vibration of 
the bonding tool 14 resonates and a phase difference 
between voltage and electric current, applied to the 
vibrator 17 becomes substantially zero- 

A holder 12 is connected to the lower end part of 
the main body 11 of the bonding head 10. A block 13 is 
mounted on the holder 12. and the bonding tool 14 is fixed 
to the block 13. A protruding part 13a in the side part 
of the block 13 is connected to the suction device 56. 
The protruding part 13a is provided with a suction pad 
19. As described below, the suction pad 19 abuts on a 
horn 15 to suck and hold the electronic parts 40 by the 
suction device 56. 

Now, referring to Figs. 2 and 3, the bonding tool 
14 will be described below. Fig. 2(a) is a perspective 
view showing the bonding tool removed from the block 13 
from an obliquely upper part. Fig. 2(b) partly shows the 
horn 15 under a state that the upper and lower parts of 
the bonding tool 14 are inverted. Fig. 3 is a front view 
of the bonding tool 14 and shows a graph of the amplitude 
of a stationary wave vibration induced on the horn 15 
by the vibrator 17. 

As shown in Fig. 2(a), the bonding tool 14 has the 
traverse elongated horn 15 as a main body. The horn 15 
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is made of , for example, a metal material (for instance, 
stainless steel, aluminum, titanium, etc.) and is formed 
in a rod shape rectangular in section. In one side end 
part of the horn 15, the vibrator 17 is mounted. The 
dimensions of height and width of the rectangular section 
may be changed continuously or stepwise along the 
longitudinal direction of the horn. Thus, the vibration 
applied by vibration applying means can be adjustably 
enlarged or reduced in the horn 15. The vibrator 17 is 
driven to apply a longitudinal vibration to a first 
direction (a direction shown by an arrow mark a) along 
the longitudinal direction of the horn 15. Accordingly, 
the vibrator 17 serves as the vibration applying means 
for applying the vibration to the first direction along 
the longitudinal direction of the horn 15. 

On both side surfaces 15b of the horn 15, thin ribs 
15c are respectively formed integrally with the horn 15 
at two positions split with respect to central positions. 
A dimension between the two ribs 15c is set to be equal 
to a half of the wavelength (L/2) of the longitudinal 
vibration applied by the vibrator 17 in order to minimize 
the attenuation of the vibration due to fixing of a 
vibration component (see Fig. 3) . This dimension may be 
set to any value when the attenuation of the vibration 
is located within an allowable range and may not be 
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necessarily equal to L/2. 

The ribs 15c protrude outward from the horn 15. Bolts 
(An illustration is omitted) are inserted into attaching 
holes 15d provided in the ribs 15c to be fastened to the 
block 13. Thus, the horn 15 is fixed to the block 13 under 
a close sided condition. That is, the four (two sets) 
ribs 15c serve as fixing parts for fixing the horn 15 
to the block -. 1.3 . . . 

In fixing the horn 15, since the four ribs 15c are 
symmetrically arranged with respect to the central point 
of the horn 15, the bonding tool 14 can be fixed to the 
block 13 with good balance. Further, a load exerted on 
the horn 15 by the pressing means can be supported with 
good balance. The number of ribs 15c is not limited to 
four. For instance, two ribs may be provided in the upper 
parts of a node of the horn 15. 

Briefly, the load exerted on the horn 15 may be 
supported with good balance. Under this state, any number 
of ribs may be employed. Further, under the state that 
the bolts are inserted into the attaching holes 15d, the 
bolts do not protrude from the lower surface of the horn 
15. Thus, the horn 15 can be fixed to the block without 
interfering with the electronic parts on the board upon 
bonding . 

In the substantially central position of the two sets 
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(four) of ribs 15c, a protruding part 30 protrudes in 
a second direct ion ( s hown by an ar r ow mar k b ) perpendicular 
to the first direction. The material of the protruding 
part 30 is desirably the same material as that of the 
horn 15 so that the protruding part 30 may be formed 
integrally with the horn 15. However, the material of 
the protruding part may be different from that of the 
horn. In the case of the different material, the form 
and dimension of the protruding part 30 are set by 
considering the difference in density, Young's modulus 
and Poisson's ratio between the material of the horn 15 
and the material of the protruding part 30. 

On the end part of the protruding part 30, a bonding 
operation part 31 abutting on the electronic parts 40 
as an object to be bonded is provided. While the 
electronic parts 40 abuts on the bonding operation part 
31, a pressing load is exerted on the bonding tool 14 
so that the bumps of the electronic parts 40 are pressed 
to the board 46. Then, under this state, the vibrator 
17 is driven to apply the longitudinal vibration to the 
horn 15 to bond the electronic parts 40 under pressure 
to the board 46 due to the load and the vibration. At 
this time, since the protruding part 30 is located at 
the central position of the four ribs 15c, a uniform 
pressing state is realized even for a large parts as an 
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object that requires a large pressing load. 

As shown in Fig. 2 (b) , on a bonding operation surface 
31a of a lower surface of the bonding operation part 31, 
a suction hole 31b is opened. As shown in Fig. 3, the 
suction hole 31b communicates with a suction hole 16c 
(see Fig. 2(a)) opened on an upper surface 15a of the 
horn 15 through suction passages 16a and 16b formed in 
the horn 15... 

While the bonding tool 14 is fixed to the block 13, 
the suction pad 19 provided in the protruding part 13 
abuts on the upper surface 15a of the horn 15 (see Fig. 
1), the suction hole 31b communicates with the suction 
pad 19 through the suction passages 16a and 1 6b and the 
suet ion hole 1 6c . Accordingly, the suction device- 56 (see 
Fig. 1) connected to the suction pad 19 is driven to suck 
air so that a vacuum can be sucked from the suction hole 
31b to suck and hold the electronic parts 40 under the 
vacuum on the bonding operation surface 31a. That is, 
the protruding part 30 has both a function for pressing 
the electronic parts 40 to the board 46 and a function 
as a sucker abutting on the upper surface of the electronic 
parts 40 to suck and hold the electronic parts 40. 

In the side opposite to the protruding part 30 in 
the longitudinal direction of the horn 15, a vibration 
balance part 32 is provided that protrudes and has the 
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substantially same form as that of the protruding part 
30. The material of the vibration balance part 32 is 
desirably the same material as that of the horn 15 so 
that the vibration balance part 32 may be formed integrally 
with the horn 15. The material of the vibration balance 
part 32 may be different from that of the horn. In the 
case of the different material, the form and dimension 
of the vibration balance part 32 are set by considering, 
the difference in density, Young' s modulus and Poisson' s 
ratio between the material of the horn 15 and the material 
of the vibration balance part 32. 

The vibration balance part 32 is provided to maintain 
the vertical vibration balance of the horn 15 by mainly 
holding a mass balance in the bonding tool 14. A quantity 
of balance can be adjusted in accordance with the positions, 
forms and sizes of through holes 32a passing through in 
the direction of thickness of the horn. This vibration 
balance part. 32 allows a vibration distribution and a 
mass distribution of the horn 15 to be substantially 
symmetrical with respect to a central axis of the first 
direction and a uniform transmission of vibration to be 
ensured . 

Now, the vibration characteristics of the horn 15 
will be described below. The vibrator 17 is driven by 
the ultrasonic vibrator driving part 55 with a frequency 
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suitable for the horn 15 (A frequency is satisfactory 
under which the horn 15 is brought into a resonant state. 
Further, a frequency is desirably 40 kHz or higher and 
70kHz or lower and desirably about 60kHz in view of bonding 
the electronic parts.) to apply the longitudinal 
vibration in the first direction to the horn 15 and form 
the resonant state. Thus, the stationary wave vibration 
shown in a graph of Fig. 3 is generated in the horn 15.. 

That is, under the stationary wave vibration of the 
horn 15, the positions of the ribs 15c constitute those 
of nodes having substantially no horizontal di splacement . 
The position of the protruding part 30 located at the 
central position of the ribs 15c corresponds to an antinode 
in which horizontal amplitude becomes a maximum. The 
position of the protruding part 30 desirably corresponds 
to the position of the antinode of the stationary wave 
vibration. However, as long as the protruding part 30 
is located at the substantially central position of the 
ribs 15c for fixing the horn 15, the protruding part 30 
may be slightly shifted from the position of the antinode 
of the stationary wave vibration. 

The vibration of the protruding part 30 is transmitted 
to the electronic parts 40 through the bonding operation 
surface 31a. In the transmission of vibration to the 
electronic parts 4, not only the longitudinal vibration 
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applied to the horn 15 by the vibrator 17, but also a 
bending vibration induced on the protruding part 30 by 
the longitudinal vibration of the horn 15 is superimposed 
thereon and transmitted to the electronic parts 40 as 
described below. 

Now, a heating unit provided in the horn 15 will be 
described below. As shown in Fig. 3, in the right half 
part of the horn 15, a mounting hole 15e circular., in .-it s 
section is provided in the longitudinal direction (the 
first direction) . A heater 18 as a rod shaped heating 
means is inserted into the mounting hole 15e along the 
longitudinal direction. The heater 18 is operated to heat 
the horn 15. Thus, the electronic parts 40 is heated 
through the bonding operation surface 31a. Under this 
heating, the electronic parts 40 can be efficiently bonded 
under pressure to the board 46 in a short time in the 
bonding operation. 

In the vicinity of a left end face of the horn 15, 
a plurality of slits 15g are provided in a horizontal 
direction (a vertical direction relative to the surface 
of a sheet in Fig. 3) perpendicular to the longitudinal 
direction. When the heater 18 is continuously operated, 
heat generated from the heater 18 is transmitted to the 
horn 15 and further to the vibrator 17 to raise the 
temperature of the vibrator 17. Since the temperature 
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rise of the vibrator 17 constitutes a factor to vary the 
vibration characteristics, the heat transfer to the 
vibrator 17 is desirably suppressed as much as possible. 
Therefore, in the horn 15 shown in this embodiment, the 
slits 15g are provided before the vibrator 17 in the heat 
transfer direction, so that the heat transmitted through 
the horn 15 is radiatedbythe slits 15g to reduce a quantity 
of heat trans. fer to the vibrator 17 as. much as possible. 
That is, the traverse elongated slits 15g serve as a vent 
part for preventing the heat transfer to the vibrator 
formed in the horn 15 between the vibrator 17 and the 
bonding operation part 31 . Cooling means for cooling the 
vent part is desirably provided. As the cooling means, 
air supply means for supplying air to the slits 15g may 
be employed. As the air supply means, means for supplying 
compressed air through a tube or means for supplying air 
by a fan may be employed. 

Now, a method for mounting the heater 18 on the horn 
15 will be described below. The inside diameter d of the 
mounting hole 15e is set to be slightly larger than the 
outside diameter D of the heater 18. Under a state that 
the heater 18 is inserted into the mounting hole 15e, 
a small space is held between the outer surface of the 
heater 18 and the inner surface of the mounting hole 15e. 
That is, the heater 18 is attached to the horn 15 under 
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a state that the heater is not fixed to the horn 15 to 
be movable, that is, the heater is attached to the horn 
15 in a loose attaching state. 

To the side end part of the opening of the mounting 
hole 15e at the end of the horn 15, an end plate 60 is 
fixed by bolts 61 while a space to the end face of the 
heater 18 is maintained. Thus, the heater 18 is prevented 
from slipping off from the mounting hole 1.5e . That is, 
the endplate 60 serves as a slipping-of f prevent ing means 
for preventing the heater 18 from slipping off from the 
mounting hole 15e. 

As described above, the heater 18 is attached to the 
horn in a loose attaching state so that contact pressure 
for pressing the heater 18 to the inner surface of the 
mounting hole 15e is not generated. Accordingly, even 
when the horn 15 expands and/or contracts due to a 
temperature change, a mounting state is not varied and 
a constant mounting state is always maintained. Thus, 
the rigidity distribution of the entire part of the horn 
15 is not varied during a process that a bonding operation 
is repeatedly performed to maintain stable vibration 
characteristics . 

Further, since the heater 18 is not fixed to the horn 
15, an ultrasonic vibration is not directly transmitted 
to the heater 18. Accordingly, the heater 18 is hardly 
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broken due to the vibration so that the life of parts 
of the heater 18 can be extended. 

(Second embodiment ) 

Fig. 4 is a front sectional view of a bonding tool 
according to a second embodiment of the present invention. 
According to the second embodiment, in a bonding tool 
141 having the same outer form and. the same structure 
of the outer form as those of the bonding tool 14 shown 
in the first embodiment, a heater 18A the same as or larger 
than the heater 18 of the first embodiment is mounted 
in a substantially symmetrical arrangement in a horn 151 . 
At this time, the heater 18A is provided in a part 
corresponding to the antinode part of the vibration of 
the horn 151. 

In Fig. 4, in the horn 151, a mounting hole 151e 
circular in its section is provided in a longitudinal 
direction (a first direction) from a right end face to 
a part before a suction hole 16c. In the mounting hole 
151e, the heater 1 8A as a rod shaped heating means is 
inserted along the longitudinal direction. The function 
and the mounting method of the heater 18A are the same 
as those of the heater 18 shown in the first embodiment. 
The heater 18A is mounted on the horn with a slight space 
held between the outer surface of the heater 1 8A and the 
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inner surface of the mounting hole 151e. In the vicinity 
of the left end face of the horn 151, slits 151g the same 
as the slits 15g of the first embodiment are provided. 

The slipping-off of the heater 1 8A is prevented in 
such a way that a collar member 62 is fitted to the inner 
surface of the mounting hole 151e and the collar member 
62 is fixed to the horn 151 by a set bolt 63. That is, 
the collar member 62 serves as a slipping-off preventing 
means for preventing the heater 18A from slipping off 
from the mounting hole 151e. In this structure, stable 
vibration characteristics can be effectively assured 
similarly to the first embodiment. As a method for 
preventing the slip-off of the heater, a method for 
projecting a bolt into the mounting hole 151e (see a third 
embodiment) maybe employed inplaceof amethodfor fitting 
the collar member 62 to the mounting hole. In this case, 
the bolt serves as slipping-off preventing means. 

(Third Embodiment ) 

Fig. 5 is a front sectional view of a bonding tool 
according to a third embodiment of the present invention. 
In the first and second embodiments, examples of a close 
sided support type bonding tool are shown in which the 
horn is fixed and supported at a plurality of support 
positions in the longitudinal direction. However, the 
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present invention is not limited to the close sided support 
type bonding tool and may be applied to an open sided 
bonding tool as shown in Fig. 5. 

In Fig. 5, the open sided bonding tool 142 has a 
structure that the right side part is cut from the 
protruding part 30 in the bonding tool 141 shown in the 
second embodiment. The bonding tool 142 is fixed and 
supported at .a position corresponding to the- node of a 
stationary wave like the case of the close sided type 
bonding tool and has a structure that a bonding operation 
part 31 is arranged at a position corresponding to the 
antinode of the stationary wave. 

In a horn 152, a mounting hole 152e circular in its 
section is provided in a longitudinal direction (a first 
direction) from a right end face to a part before a suction 
hole 16c. In the mounting hole 152e, a heater 18B as a 
rod shaped heating means is inserted along the 
longitudinal direction. The function and the mounting 
state of the heater 18B are the same as those of the heater 
18 shown in the first embodiment. The heater 18B is 
mounted on the horn with a slight space held between the 
outer surface of the heater 18B and the inner surface 
of the mounting hole 152e. In the vicinity of the left 
end face of the horn 152, slits 152g the same as the slits 
15g of the first embodiment are provided. 
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The slipping-off of the heater 18B is prevented in 
such a way that a bolt 64 protrudes into the mounting 
hole 152e to function as a stopper. That is, the bolt 
64 serves as a slipping-off preventing means for 
preventing the heater 18B from slipping off from the 
mounting hole 152e. In this structure, stable vibration 
characteristics can be effectively assured similarly to 
the first embodiment. As a method for preventing the 
slip-off of the heater, a method for attaching an end 
plate to the end part of an opening side of the horn 152 
may be used as shown in Fig. 3 in plate of using the bolt. 
In this case, the end plate serves as a slipping-off 
preventing means . 

As described above, in the bonding tool shown in each 
of the embodiments of the present invent ion, the heater 
for heating is inserted into the mounting hole provided 
in the first direction along the longitudinal direction 
of the horn. In this structure, the slight space is held 
between the outer surface of the heater and the inner 
surface of the mounting hole. Thus, the prescribed 
mounting state can be always maintained and the rigidity 
distribution of the entire part of the horn can be prevented 
from being varied. Accordingly, the stable vibration 
characteristics can be realized. 

According to the present invention, since the 



24 



structure that the rod shaped- heating means for heating 
the bonding tool is inserted in the first direction along 
the longitudinal direction of the horn is employed, an 
influence of the propagation of the vibration in the horn 
can be reduced as much as possible. Even when the heating 
means with a high output is incorporated in the horn of 
a small size, the highly efficient heating operation can 
be made compatible with the realization, of the stable- 
vibration char act eri sties . 

Further, according to the present invention, in the 
structure that the heating means is inserted into the 
mounting hole provided in the horn, the heating means 
is mounted with the space maintained between the inner 
surface of the mounting hole and the heating means . Thus, 
a constant mounting state can be always maintained to 
prevent the variation of the rigidity distribution of 
the entire part of the horn. Thus, the stable vibration 
characteristics can be realized. 
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